In order to assess the impact of car emissions on the soil, studies are required to monitor the concentation heavy metals from roadside soils. In this paper, we report an extensive survey of the roadside soils contamination with heavy metal along the Sun Highway (A2) which connects Bucharest to Constanta. The contents of heavy metals (Cd, Cu, Ni, Pb, Zn, As) were assessed by inductively coupled plasma mass spectrometry (ICP-MS). The car pollution was also studied to link it with the concentrations and distributions of heavy metals in the roadside soils.A comparison between the degree of contamination obtained in the set points was made. Moreover, the impact of the metal concentration value was debated.
Introduction
Industrial growth and urbanization processes unbalanced the harmony between human beings and their natural environment [1] . During the last fifty years the world's population has undergone a significant change in its geographical distribution [2] , the proportion of those living in the urban environment grew from 5% to 50% [3] . At this rate the degree of urbanization will increase, so two-thirds of all people will live in large towns or cities by 2030 [2, 3] .
The accumulation of contaminants from all human activities leads to the corruption of the ecosystem and it has a negative effect on the environment, human health and in general, on all living organisms. [3, 4] . After the 1950, when the world became mostly urban [2] , the quality of the environment started to be a matter of interest.
Throughout the world the continuous industrialization and human social, economic and agricultural activities have been accompanied by the increased pollution of the soil since a wide range of contaminants from this areas affected soil quality [1, [3] [4] [5] . Due to its critical role in delivering ecosystem services soils quality and management gained a great importance [6, 7] .
Nowadays, heavy metals pollution is the bigges threat for soil quality, negatively affecting the human health [8] [9] [10] .
By definition soil consists in a mixture of weathered minerals and various amounts of organic matter. Airborne emissions from the rapidly expanding industrial areas, processed solid wastes, sludge, leaching of waste materials [10] mine tailings, disposal of high metal wastes, leaded gasoline and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion residues, spillage of petrochemicals and atmospheric deposition [8, 11] led to the contamination by the accumulation of heavy metals and metalloids in the soil.
The scientific community classified different metals as "heavy" based on their density, atomic number or atomic weight, chemical properties or toxicity". E.g: heavy metals were those inorganic elements which in their standard state have a specific gravity of more than 5 g/cm 3 [12] . Currently there are known sixty heavy metals. The most commonly found at contaminated sites were lead (Pb), chromium (Cr), arsenic (As), zinc (Zn), cadmium (Cd), copper (Cu), mercury (Hg), and nickel (Ni) [11] . In theory "normal soil" contains 200 g chromium, 80 g nickel, 16 g lead, 0.5 g mercury and 0.2 g cadmium per 1000 kg [13] .
Monitoring the soil pollution with heavy metals is of interest due to their impact on groundwater and surface water as well as on plants, animals and humans [14] . Cd exposure was linked to renal, pulmonary, hepatic, skeletal, reproductive disorder or to cancer. Cu is an essential element that became toxic to both humans and animals when its concentration exceeds the safe limits. [15] The current studies [10, [15] [16] [17] [18] showed that anti-knock agents used in automotive fuel [17, 18] could contaminate the air and soils by their toxic emissions containing Pb, Cd, Zn, Ni. Also the worn out tyres, the oils leakage, the corrosion of batteries and metallic parts such as radiators increased the accumulation of these metals in roadside soil [19, 20] Herein we presented a study concerning the concentrations Cd, Cu, Ni, Pb, Zn and As in soils along the Sun Highway in Romania which connects Bucharest to Constanta. We also have correlated their concentrations with the traffic densities at each sampling site.
Materials and Methods

Sampling site
This study was conducted alog the Sun Highway (A2) and consisted in 15 roadside sites. The A2 motorway spans from Bucharest to Constanta (Fig. 1) , with a total length of about 204 km, starting in Bucharest and ending in the intersection with the bypass road of Constanta. Along the route there are two important bridges across the Danube (i.e. over Borcea branch of the Danube) and a toll booth station where the road tax is collected.
Legislation in force in Romania regarding soil and soil pollution
In the romanian MAPPM order no. 756/97 -Regulations concerning the assessment of environmental pollution [21] are set the benchmarks for traces of chemical elements in soil. Also The normal values, the alert and intervention threshold are also established.
In Chapter II: Road management, Section I from the romanian Government Ordinance no. 43/1997 concerning the roads status [22] were established definitions for the following terms: road reservation (footprint), safety zones and protection zones.
The road reservation was defined as the land area occupied by the constructive elements of the road: carriageway, footpaths, cycle lanes, shoulders, ditches, culverts, embankments, ditches, retaining walls and other works of art.
The safety zones were land areas situated on both sides of the road footprint that were intended exclusively for road signs, road plantation or other purposes related to the maintenance and exploitation of the road, ensuring the traffic safety or protection of the owners. Depending on the type of road, these safety areas extended from the outer limit of the road footprint to: -1.5 m from the outer edge of ditches when the road was located on the ground level; -2 m from the foot slope in case of embankment roads; -3 m from the top edge of the slope in case of excavation roads with a height up to 5 m including; -5 m from the top edge of the slope in case of excavation roads with a height over 5 m.
The safety zones were defined also for bridge areas as follows: -10 m from the outer limit of the point where the bridge connects with embankment in case of bridges without defense works (the access ramp is part of the bridge); -at the outer limit of the riverbank protection works in case of bridges with protections longer than 10 m (the access ramp is part of the bridge).
The land areas necessary for protection and further development of the road that were located on both sides of the safety zones are the so-called protection zones. Depending on the road type these protection zones extended between the outer edges of safety areas and the road edges, being delimitated as follows: -highways -50 m from the road axis to outer edge of the road; -national roads -22 m from the road axis to outer edge of the road; -county roads -20 m from the road axis to outer edge of the road; -local roads -18 m from the road axis to outer edge of the road.
Collection of soil samples
In order to assess the soil pollution near the A2 motorway, there were established 15 pedological points located in key areas such as the entrance and exit of the highway (where traffic is particularly intense), near parking and gas stations, near designated circulation paths crossing the highway and also near parts lacking any special arrangement.
The soil sampling campaign from the safety area of A2 highway was carried out in the month of August 2015 using a Buerkle soil sampler. On each site average sample soils (S) were taken at three different distances (1m, 3m and 5m) from the road reservation. For the distances of 1m and 3 m toward the road footprint were collected 30 soil samples (S1÷S15) from the established pedological points, and only 7 (S1÷S6; and S9) for the 5 m distance.
In order to have benchmarks in our study, two soil blank samples were collected from the soil considered to be unaffected by the road traffic which was located at 60 m toward the safety zones. For both directions Bucharest -Constanta and Constanta -Bucharest the soil samples were collected from similar points. -sampling point km 160 located near the highway in the safety area S12 -sampling point km 120 located near the highway next to the service area S13 -sampling point km 74 located near the highway next to the service area S14 -sampling point km 48 located near the highway next to the service area S15 -sampling point km 12 located near the highway in the safety area
Sample soil preparation
Prior to analysis, in the laboratory, soil samples were air dried at ambient temperature (22-25°C), crushed manually in a porcelain mortar, and sieved through a 2-mm plastic screen. The fraction <150 μm was retained due to its better homogeneity, decreasing the standard deviation repeatability during the analysis.
In order to mineralise the samples about 2 g of dried soil were placed in a 100 mL beaker with 30 mL mixture of concentrated nitric and hydrochloric acid (3:1 v/v) and heated. After proper digestion, the digest was filtered and washed with deionised water until made up to 50 ml [21, 22] .
Results and Discussion
Heavy metal analysis of the soil samples was carried out through inductively coupled plasma mass spectrometry (ICP-MS) using an ICP−MS instrument Aurora M90 model by Bruker. The metal concentration was determined against a calibration curve plotted in the range 10 μg /L -50 μg /L and built with five concentrations each of Cd, Cu, Ni, Pb, Zn and As prepared from their respective stock solutions. The calibration curve the solutions obtained after soil mineralization were diluted to fit in the concentration range of the analysis.
Thus the heavy metal concentration of Cd, Cu, Ni, Pb, Zn and As in the unknown soil samples collected was automatically determined through ICP-MS The ICP-MS analysis revealed that the highest concentration of heavy metals was recorded in S1 point located near the entrance on the highway. In all the soil samples collected, the results showed that all metals exceeded the normal reference value except copper and zinc. In the soil sample originating from 1 m distance toward the road footprint Pb exceeds the intervention threshold.
In all samples analyzed Ni and Pb concentrations exceed normal reference values for soils as they are stipulated in the romanian legislation.
The Zn concentration was below normal reference values for soils excepting the samples collected from S1 point (1 m and 3 m distance toward the road footprint) and S2 (1 m distance toward the road footprint).
The As and Cd concentrations of the samples coming from S1, S4, S5, S11 and S13 points, respectively the Cu concentration of the samples coming from S1, S5, S14 and S15 points also exceeded the normal reference value.
The organic matter and pH value are factors that modify the mobility of heavy metals in roadside soils. The pH value fluctuates in time compared to neutral value due to intense traffic activities that lead to changes in soil pH. For all soil samples the recorded pH value was greater than 7, ranging between 7.08 and 8.63. value of soil pH enhanced metal retention, as it was recorded in all samples taken from A2 motorway.
Conclusions
Heavy metals concentration in soils collected from A2 roadside were higher as compared to normal reference values for soils stipulated in the romanian legislation.
For the soil samples originating from the nearest distance toward the road footprint from the degree of contamination was higher.
Ni and Pb concentrations exceed normal values and raise a question mark regarding their accumulation in roadside soils.
